The Cytochrome b (Cyt b) gene has proved to be useful for identification and classification of many mammals and plants. In order to evaluate the utility of this gene for discrimination of Leishmania parasites as well as for exploring their phylogenetic relationships, we determined the nucleotide sequences of the Cyt b gene from 13 human-infecting Leishmania species (14 strains) from the New and Old Worlds. The Cyt b genes, approximately 1080 base pairs, were found to be A/T rich, and their 5k terminal-editing regions were highly conserved. The nucleotide sequence variation among them was enough to discriminate parasite species; 245 nucleotide positions were polymorphic and 190 positions were parsimony informative. The phylogenetic relationships based on this gene, showed good agreement with the classification of Lainson & Shaw (1987) 
The genus Leishmania comprises 30 members of which 21 species are pathogenic to mammals including humans, causing a variety of diseases called leishmaniasis, which affect 88 countries worldwide, mostly developing countries (WHO, 2000) .
Although biochemical (isoenzyme electrophoresis) and immunological (monoclonal antibodies) techniques have been utilized to identify species and subspecies of Leishmania parasites, these methods are time consuming (Kreutzer & Christensen, 1980 ; Grimaldi, David & McMahon-Pratt, 1987) .
Since analysis of DNA gives the most specific and stable identification criteria, molecular approaches have also been used. In order to increase the sensitivity of their methodologies, most researchers have targeted genes and regions of genes that are present in high copy number (Uliana et al. 1991 ; Van Eys et al. 1992 ; Meredith et al. 1993 ; Fernandes et al. 1994 ; Cupolillo et al. 1995) . However, the discriminatory power of these targets depends on the level of inter-and intra-species variability of their sequences (Van Eys et al. 1992 ; Van Eys & Meredith, 1996) .
In kinetoplastid protozoa, the maxicircle component of the kinetoplast is homologous to the mitochondrial genome of other organisms and has about 50 copies (Stuart, 1983) . The cytochrome b (Cyt b) gene is contained in the mitochondrial genome of a wide variety of living forms and encodes the central catalytic subunit of an enzyme present in the respiratory chain of mitochondria. The gene has been widely used for phylogenetic studies and identification of animals and plants (Irwin, Kocher & Wilson, 1991 ; Degli Esposti et al. 1993) .
The Cyt b gene of L. tarentolae consists of two regions, the edited region (the most 5k region of 23 bp) that undergoes RNA editing, and the non-edited region (the 3k region of 1056 bp). The RNA editing process has been described in mitochondrial genes of kinetoplastid protozoa (Benne, 1994) . In the RNA editing process, uridylate (U) residues are inserted or deleted to repair a frameshift present in the genomic sequence and to create the AUG codon for Table 1 . Leishmania strains used in this study, gene size, A+T, G+C content and frequencies of the cytochrome b gene (E. R., edited region ; Non-E. R., non-edited region ; F, frequency.)
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translation initiation. In L. tarentolae, the transcript of the Cyt b gene undergoes insertion of 39 U residues in 15 sites within the edited region. Consequently, (1) a total of 20 codons are created including the AUG codon (Met) for translation initiation by insertion of one U residue between positions 2 and 3 in the edited region, and (2) the ATT codon (Leu) becomes the first amino acid in the non-edited region (Feagin et al. 1988) .
In the present study, in an attempt to evaluate the utility of the Cyt b gene for discriminating Leishmania species and for reconstructing their phylogenetic relationships, we determined the coding sequence of this gene from 13 human-pathogenic species (14 strains). These species represent the most common causative agents of leishmaniasis in the New and Old Worlds.
Parasites
The Leishmania strains used in this study are listed in 
Cell culture and DNA extraction
Promastigotes were grown at 26 xC in RPMI 1640 medium (Sigma, USA) supplemented with 10 % heat-inactivated foetal bovine serum (Bio Whittaker, USA), 50 U/ml penicillin and 50 mg/ml streptomycin. Promastigotes were harvested at the stationary phase of growth by centrifugation at 2000 g for 10 min. Genomic DNA was extracted from the promastigote pellets by using GenomicPrep TM Cell and Tissue DNA Isolation Kit (Amersham Pharmacia Biotech, USA) following the manufacturer's instructions.
Design of PCR primers and PCR conditions
For PCR amplification of the whole Cyt b gene from Leishmania parasites, oligonucleotide primers were designed on the basis of consensus sequences found in Cyt b and adjacent genes : COIII and MURF4 of parasites belonging to the order kinetoplastida (Table 2 ). Positions and directions of the primers are indicated in Fig. 1 . PCR reactions were done in a total volume of 50 ml. Each reaction mixture contained 400 ng of DNA template, 100 pM of each primer, 0 . 2 mM of each dNTP, 1 . 25 units of Ex Taq polymerase, 10 mM Tris-HCl, pH 8 . 3, 50 mM KCl and 1 . 5 mM MgCl 2 (TaKaRa, Japan). PCR conditions were as follows : initial denaturation at 94 xC for 1 min followed by 40 cycles of denaturation at 94 xC for 1 min, annealing at 50 xC for 1 min and extension at 72 xC for 1 min and a final extension step at 74 xC for 5 min. Table 2 . Primer designation and consensus sequences designed from species belonging to the order Kinetoplastida Trypanosoma brucei,
Subcloning and DNA sequencing
The PCR products were separated by electrophoresis on agarose gels, purified by using the GFX PCR DNA and Gel Band purification kit (Amersham Pharmacia Biotech, USA) and ligated to pT7 blue T-vector (Novagen, USA) by using TaKaRa DNA ligation solution version 1 (TaKaRa, Japan). At least 3 clones for each PCR product were sequenced on both strands. DNA sequencing was carried out on an ABI PRISM 310 automated sequencer (Applied Biosystem, USA) by using the Big Dye terminator cycle sequencing ready reaction kit (Applied Biosystem, USA). DNA sequencing was performed by using the 2 vector-specific primers, the 4 genespecific primers for subcloning and 10 internal primers (Table 3 ). The composite sequences containing the Cyt b genes flanked by the 5k and 3k intergenic sequences were assembled.
Phylogenetic analysis and trees
Sequences were assembled and edited with the program Genetyx Mac 11.0.0 (Software Development Co. Ltd, Japan). Phylogenetic analysis and trees : neighbour joining (NJ) and maximum parsimony (MP) were performed by using the MEGA 2. Table 4 . Table 4 .
Multiple alignments of nucleotide and amino acid sequences of the Cyt b gene
All Cyt b gene sequences were aligned. The multiple alignments revealed that 245 nucleotide positions were polymorphic, of which 55 positions were singletons and 190 positions were informative under parsimony criteria, 2 nucleotide positions involved insertion or deletions. These insertions or deletions were observed in the boundaries between the edited (22-24 bp) and the non-edited regions (1056 bp) of the Cyt b gene coding sequence (Fig. 2) . Alignment of the amino acid sequence corresponding to the nonedited region revealed amino acid substitutions at 19 positions, of which 17 sites were parsimony informative : 3 Leu-Ile substitutions, 11 Val-Ile substitutions (1 singleton), 1 Cys-Ser substitution (singleton), 1 Phe-Tyr substitution, 1 Phe-Leu substitution, 1 Thr-Val substitution and 1 Ala-Val-Ile amino acid substitution. Most of these substitutions (17) were located within 6 out of the 8 transmembrane a helices, helices B, C, D, E, G and H, of the Cyt b protein structural model (Howell, 1989) .
Comparison of nucleotide frequency and nucleotide substitution with other trypanosomatids
The nucleotide frequencies of all 4 bases were determined. Frequency of base T ranged from 0 . 49 to 0 . 52, base A ranged from 0 . 25 to 0 . 27, base G ranged from 0 . 15 to 0 . 17 and base C ranged from 0 . 06 to 0 . 08. Similar nucleotide frequencies for bases T and C have been observed in the partial non-edited coding region of the Cyt b gene (516 bp) of trypanosome species belonging to the subgenus Schizotrypanum (Barnabe, Brisse & Tibayrenc, 2003) . All kinds of nucleotide substitutions were found in the Cyt b gene. It was revealed that the overall transitions (5226) representing 56 % were higher than the overall transversions (4074) representing 44 %. While transition A †G was the most frequent substitution (3135) representing 60 % of all transitions, transversion A †T was the most frequent (3090) representing 76 % of all transversions. An excess of transition A †G was also observed by Barnabe et al. (2003) . Lainson & Shaw (1987) . (A) NJ tree constructed with the Tamura and Nei distance (1993), outgroup=Trypanosoma cruzi (U43567), Trypanosoma brucei (M17998) and Trypanoplasma borreli (U11684). (B) consensus MP tree constructed by using the complete deletion and branch and bound options.
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